We investigate the type III radio bursts and X-ray signatures of accelerated electrons in a well observed solar flare in order to find the spatial properties of the acceleration region. Combining simultaneous RHESSI hard X-ray flare data and radio data from Phoenix-2 and the Nançay radioheliograph, the outward transport of flare accelerated electrons is analysed. The observations show that the starting frequencies of type III bursts are anti-correlated with the HXR spectral index of solar flare accelerated electrons. We demonstrate both analytically and numerically that the type III burst starting location is dependent upon the accelerated electron spectral index and the spatial acceleration region size, but weakly dependent on the density of energetic electrons for relatively intense electron beams. Using this relationship and the observed anti-correlation, we estimate the height and vertical extent of the acceleration region, giving values of around 50 Mm and 10 Mm, respectively. The inferred acceleration height and size suggest that electrons are accelerated well above the soft X-ray loop-top, which could be consistent with the electron acceleration between 40 Mm and 60 Mm above the flaring loop.
Introduction
Accelerated electron beams are believed to be responsible for both hard X-ray (HXR) and coherent radio emission during solar flares. Upwards travelling electron beams propagate through the coronal plasma and sometimes escape into interplanetary space. Emission from such beams is often observed as coronal and interplanetary type III radio bursts. Electron beams travelling downwards with small pitch angles enter the dense plasma of the chromosphere and are generally seen through bremsstrahlung emission in HXR. Before entering the chromosphere, downwards propagating electron beams may also produce reverse type III bursts. Despite this wealth of electromagnetic beam emission from accelerated electrons propagating in plasma, the location of the electron acceleration site and its spatial characteristics are poorly known.
Indirect evidence of electron acceleration sites first came from broad band radio spectral observations of pairs of type III and reverse type III bursts (e.g. Aschwanden et al. 1995a; Aschwanden & Benz 1997) . The starting frequencies of these burst pairs are found between 220 − 910 MHz, implying a range of electron densities in the acceleration region between 6 × 10 8 − 10 10 cm −3 for fundamental emission or 1.5 × 10 8 − 3 × 10 9 cm −3
for harmonic emission. These densities are lower than ones observed in bright soft X-ray loops (2 × 10 10 − 2 × 10 11 cm −3 ) suggesting that the acceleration region lies above the soft Xray loops, being located for example in a cusp reconnection site. HXR observations have also been independently used to provide insight into typical electron acceleration region heights above the photosphere. Through electron time-of-flight analysis using HXR emission in the range 20-200 keV (Aschwanden et al. 1998) , height estimates have been found in the range 20-50 Mm.
The spatial size of the acceleration region still remains largely unknown.
The simultaneous observation of HXR and metric/decimetric radio emission is commonplace during flares and the relationship between type III bursts and hard X-ray emissions has been studied for many years (see for example Pick & Vilmer 2008 , for a review). The first studies performed by Kane (1972) found a good similarity between HXR and type III radio emission, suggesting the two emissions are produced by electrons originating from a common acceleration site. Many subsequent studies have specifically dealt with the association of coherent type III radio emission and HXR bursts, both statistically (e.g. Kane 1972 Kane , 1981 Hamilton et al. 1990; Aschwanden et al. 1995a; Arzner & Benz 2005 ) and for individual events (e.g. Kane et al. 1982; Benz et al. 1983; Dennis et al. 1984; Raoult et al. 1985; Aschwanden et al. 1995b; Raulin et al. 2000; Vilmer et al. 2002) . A more recent statistical study of 201 flares above GOES class C5 reports an 83% association rate with coherent radio emission, within the range between 4 GHz and 100 MHz. These results suggest that practically all flares with HXR GOES class > C5 are associated with some form of coherent radio emission.
An in depth statistical study was carried out between radio type III bursts and HXRs by (Kane 1981) . The study reported that the X-ray/type III correlation increases systematically with the intensity of HXR and radio emission, the peak spectral hardness of HXR emission and the type III burst starting frequency. Hamilton et al. (1990) similarly reported the systematic increase of HXR/type III correlation with increasing emission intensity and to a lesser extent with spectral index of HXR emission. Hamilton et al. (1990) also reported a statistical correlation between the peak HXR and type III intensities. To produce a harder (smaller spectral index) HXR photon spectrum requires a harder electron beam spectrum. A hard electron beam spectrum is an attractive attribute for type III producing electron beams as it makes it easier and faster for the bump-in-tail instability to occur. Faster instability onset ties in very well with the HXR/type III correlation increasing for bursts with a higher starting frequency.
A temporal correlation between HXR and radio pulses has been found statistically (Aschwanden et al. 1995a) where the average time delay betwen the HXR pulse and radio pulse starting frequency was ≤ 0.1 s. Temporal correlations have also been found in many individual event studies. Of these studies the results by Dennis et al. (1984) find a temporal correlation with a similar magnitude to the statistical study by Aschwanden et al. (1995a) . This, together with previous correlations, suggests a common acceleration region with HXR producing electron beams having either slightly less distance to travel or slightly more energetic electrons responsible for the emission. The simultaneous analysis of HXR and type III radio bursts is thus an attractive diagnostic of flare associated electron acceleration.
A few previous studies have attempted to infer properties (both height and size) of the common electron acceleration region from simultaneous HXR and radio observations. Kane et al. (1982) used an inferred spectral index from HXR emission to estimate the minimum distance required for the type III producing electron beam to become unstable. With an assumed electron acceleration height of 20 Mm, an altitude of 100 Mm was deduced for the starting frequency, in good agreement with the spectral observations. Unfortunately the type III frequencies in this analysis were too high with respect to the Nançay radioheliograph frequencies for radio imaging at this time so it was not possible to confirm the starting height of the radio emission. Benz et al. (1983) also considered the minimum distance required for a type III producing electron beam to become unstable. By modelling both the HXR and radio producing electron beam as a Maxwellian they found a weak correlation between the type III starting frequency and the electron temperature derived from HXR observations above 26 keV. However, in the event considered a change in electron temperature cannot fully account for the initial change in type III starting frequency. The authors thus conclude that a movement of the acceleration site occurred for this event.
In another study Aschwanden et al. (1995a) uses the assumption of a common acceleration region producing upward and downward electron beams to estimate acceleration times and infer acceleration region sizes. No frequency gap was observed between type III and reverse type III emission so their starting frequency separation distance was constrained by the detector resolution. Using an assumed density model, this distance was found to be < 2 Mm. The instability distance for the electron beam was then equated to twice this resolution. By using a similar analysis of Kane et al. (1982) with observed HXR spectral index, acceleration times are found with ∆t < 0.3 − 3 ms. The size of the acceleration region is then inferred at 0.7 Mm. This constraint of acceleration site size and times is heavily dependent upon the assumption of bidirectional electron beams starting with a separation unresolved by the detector and thus should be treated with care.
Non-thermal HXR emission detected above 20 keV provides information on the overall spectrum of accelerated electrons, usually represented by a power-law in velocity and/or energy space. It also provides insight on the density of the nonthermal electrons required to explain the HXR emission. Radio type III bursts are believed to be formed via coherent plasma emission mechanisms requiring the presence of Langmuir wave turbulence (Ginzburg & Zhelezniakov 1958) . The high level of Langmuir waves infers a local electron beam-plasma instability. Assuming that some acceleration mechanism in the corona produces a power-law in energy space the required unstable distribution can be formed due to electron transport parallel to the magnetic field. Therefore, the criteria for beam instability and hence starting frequency of the type III emission are linked to the properties of the acceleration region; the spatial size, the spectral index of energised electrons, and the height in the corona.
In some events upward electron beams are able to travel from the corona to the inner heliosphere and create interplanetary type III bursts. Previous work (Kontar & Reid 2009; Reid & Kontar 2010) has modelled electron beam transport from the Sun to the Earth taking into account the self-consistent generation of Langmuir waves. Kontar & Reid (2009) found that waveparticle interactions are required to explain both electron beam onset times and spectral properties at 1 AU. Developing this model further, Reid & Kontar (2010) found the inclusion of density turbulence suppressed the growth of Langmuir waves which led to a broken power-law spectra similar to observational results (Krucker et al. 2009 ).
Electron beams escaping into the inner heliosphere can also be detected in-situ near 1 AU and their numbers have been correlated to the number of HXR producing electrons (Krucker et al. 2007) . A correlation is found between the spectral indices of both electron populations as well as between the numbers of HXR producing electrons and escaping electrons for prompt electron events. This again suggests that the X-ray producing electrons and the electrons moving upward in the corona originate from a common acceleration site. Furthermore, it is found that the number of escaping electrons is on average only 0.2% of the HXR-producing electrons above 50 keV.
In this paper we show that simultaneous radio and X-ray observations can be used with a simple analytical model to diagnose not only the location but the size of the acceleration region as well as the location. This provides one of the first observational estimates of acceleration region size. The present analysis of the April 15th 2002 at 08:51 UT suggests the acceleration region is located at heights of ≈ 50 Mm and has a spatial size of ≈ 10 Mm. Numerical simulations are used with these inputs to help validate the results and explore unknown electron beam parameters.
Basic concepts: starting frequency of type III bursts
The aim of the following theory is to relate known observational variables from flares to unknown flare parameters. Specifically we will relate the starting frequency of type III bursts and the spectral index of the inducing electron beam to the height and size of a flare acceleration region. Initially let us consider the propagation of a flare accelerated electron cloud with starting characteristic size d located at an initial height r = 0. The initial distribution is given by
where g 0 (v) is the initial electron velocity distribution. Langmuir waves will be generated when the quasilinear growth rate γ(v, r) of electrons resonantly interacting (ω pe (r) = kv) with Langmuir waves (Drummond & Pines 1962; Vedenov et al. 1962 ) becomes stronger than the collisional absorption γ c by the Maxwellian plasma
where ln Λ is the Coulomb logarithm, taken near 20 for the parameters in the corona. ω pe (r), n e (r) and v T e are the background plasma frequency, density and thermal velocity respectively. The initial velocity distribution of solar flare accelerated particles is usually taken as a power-law g 0 (v) ∼ v −α . This distribution at t = 0 is stable and will not lead to generation of Langmuir waves. At later times t > 0 the propagation of particles leads to the formation of a positive slope of the distribution function in velocity space. The distribution function changes in time due to the propagation (in the case of no energy losses)
and the growth rate for Langmuir waves becomes
We can observe strong Langmuir wave growth remotely via observations of type III radio emission. Langmuir wave growth should occur at the distance ∆r = h typeIII − h acc from the original location where h typeIII is a height corresponding to the starting frequency of type III bursts and h acc is the acceleration region height. The distance ∆r can be found by equating the growth rate for Langmuir waves given in Equation (4) with γ c giving
The quantity vg 0 (v) = n b where n b is the inducing electron beam density. By assuming a coronal background electron density of 10 9 cm −3 , a coronal electron temperature of 2 MK and a beam density of 10 4 cm −3 the second term γ c n e (r)/πω pe (r)n b is around 10 −3 ≪ α. Thus the relation between the acceleration site properties and the type III starting frequency is determined mostly by the spectral slope of the electron beam giving the simple relation
The unknown parameters h acc and d can be found from the known parameters α and h typeIII . A key advantage of this relation lies with its lack of dependence on the poorly known electron beam number density necessary to produce type III emission. The method is similar to what was discussed in Kane et al. (1982) . The key difference is that we consider an instantaneous injection at t = 0 with a spatially broad distribution function while Kane et al. (1982) considers a temporal injection from a point source.
Observations and data analysis

Instruments
In this study, RHESSI data is used to analyse the HXR emission from downward propagating electron beams. By assuming a common acceleration site for upward and downward electron beams, the X-ray emission observed by RHESSI can serve to provide the spectral index for the above prediction. RHESSI can also provide spatial information regarding the HXR.
When observing the radio emission in the corona, the spectral information was obtained by using Phoenix-2 radiospectrometer (Messmer et al. 1999) within the frequency range 100 -700 MHz. This provides information we use to find the starting frequency of the type III radio emission. The spatial information for type III radio emission was found by using the Nançay radioheliograph (NRH) (Kerdraon & Delouis 1997) in the frequency range of 164 -432 MHz. The spatial radio information observed by the NRH can make sure the observed radio flux is emitted from the same active region in the solar atmosphere responsible for the HXR emission.
Selection
We aimed our study at cases observed simultaneously with the NRH, Phoenix-2 and RHESSI. We started our selection from a list of events presented in previous observational analysis between coherent radio and HXR emissions (Arzner & Benz 2005; Grigis & Benz 2004; Benz et al. 2005) . Of the 58 events considered, 10 were found to have coherent radio emission in the frequencies covered by the NRH observations. We selected one event which had a simple spatial configuration at all NRH radio wavelengths, clearly defined starting frequencies and a strong HXR flux. This event was chosen as an illustration of the method.
Measurements
The spatial overview of the April 15th flare is presented in Figure 1 using RHESSI, NRH and SOHO/EIT. The X-ray source was imaged using RHESSI in the energy range between 15 and 30 keV. The higher energies had too few photons to make a reasonable image above the background noise. The radio source was imaged using the NRH in frequency bands from 164 to 432 MHz and the size increases with decreasing frequency. This can provide an estimate regarding the radial magnetic field expansion locally in the corona. However, the decrease of spatial resolution with decreasing frequency using the NRH has to be considered. This decrease behaves as D/λ where D is the maximum antenna spatial separation and λ is the wavelength of the radio emission. The SOHO/EIT 195 image displays information about the overlying plasma configuration, conferring insight into the magnetic field structure where the flare originates. The temporal evolution of the flare is presented in Figure 2 , using Phoenix-2, NRH and RHESSI data.
The spectral index of the X-ray emission, γ, was obtained using RHESSI spectral analysis of the photon flux I(ǫ) ∼ ǫ −γ . The photon spectral index γ was estimated using a power-law fit every 2 seconds (half-rotation of the spacecraft). The one sigma error associated with the power-law fit was used as the spectral index error estimates.
The starting frequency of the type III radio emission was determined from the Phoenix-2 data. We used Phoenix-2 data with a 1 sec temporal resolution. The mean value of the radio flux on the quiet 3 minute interval 08:56 UT to 08:59 UT was used to quantify the background level for each frequency channel. A threshold of twice this background level was then used at every moment in time to determine the starting frequency of the radio emission. We then averaged the starting frequency over the 2 second RHESSI interval. The mean width of the radio channels between 100 and 700 MHz was 9.2 MHz so we took 10 MHz as the one sigma error on the starting frequency. The combined determination of starting frequencies and spectral indices was done on two time periods between 08:51:20 → 08:51:36 UT and 08:52:38 → 08:53:00 UT. Both periods have a HXR non-thermal spectral index below 7.5 at all points in time. Moreover, throughout both periods there is significant radio emission above the threshold frequency.
The temporal evolution of γ and the type III starting frequency is overplotted on the Phoenix-2 data in Figure 3 for the time periods defined above. The photon spectral index displays an anti-correlation with the type III starting frequency. A clearer visualisation of this anti-correlation can be seen when both observables are plotted against each other (Figure 4 ). They have a Pearson correlation coefficient of -0.65 due to the starting frequency decreasing as the spectral index increases. This correlation suggests that the two variables are related by a linear fit.
Acceleration region
To infer the characteristics of the coronal acceleration region from Equation (6) we must use some assumptions to obtain h typeIII and α from the type III starting frequency and γ. To relate the starting height of the type III emission h typeIII to the starting frequency we have used the exponential density model derived in Paesold et al. (2001) which assumes second harmonic emission for a reference height of around 1.5 R s for 160 MHz emission. To obtain the electron beam spectral index in velocity space from the photon spectral index in energy space, the thick target model (Brown 1971; Brown et al. 2006 ) was assumed. The electron beam spectral index α can then be calculated from the photon spectral index γ through the simple relationship α = 2(γ+1). The effect of photosphere albedo is ignored as the flare is located close to the limb (Kontar & Jeffrey 2010) .
A positive correlation between the electron beam velocity spectral index and the starting height is observed with a Pearson correlation coefficient of 0.62 ( Figure 5 ). To investigate the correlation and obtain estimates of the acceleration region properties a linear fit was applied to the data. The routine mpfitexy (Markwardt 2009 ) was used to obtain a fit to the data including observational error ( Figure 5 ). Using Equation (6) the linear fit infers the acceleration region height and size values of h acc = 52 ± 21 Mm and d = 10.5 ± 1.6 Mm respectively. The larger percentage error of the height in relation to the size can be observed in the extremes of the fit shown in Figure 5 . If this linear relationship is statistically significant the slope has to be greater than zero. We can test the null hypothesis that the slope is zero using the Students t-statistic (e.g. Press et al. 1992) . A t-score of 6.56 is found with 19 degrees of freedom. Using a confidence level of 0.01 we can comfortably reject the null hypothesis and say the linear relation is statistically significant.
The radio threshold frequency used to constrain the starting frequencies had a minor effect on the results if changed within reasonable parameters. Different levels (1.5 − 2.5× background level) changed the acceleration region properties by around 5−10 %. Higher threshold frequencies caused higher h acc and lower d with the converse being true. Threshold frequencies < 1.5 or > 2.5× background level caused unrealistic acceleration region parameters as starting frequencies were either not detected or were detected at high frequencies not corresponding to the visually observed type III emission. 
Numerical simulations of Langmuir wave generation
To explore these predictions for acceleration height and size we can use numerical simulations of electron beams and induced Langmuir waves in the solar corona. The simulations allow us to validate the observational result given the known initial conditions and check the validity of Equation (6). Moreover, it allows us to explore some of the unknown parameters such as beam density and the level of Langmuir waves required for radio emission.
Electron beam transport
The evolution of accelerated electrons can be considered selfconsistently using weak turbulence theory where we have also taken into account binary collisions of energetic electrons with the surrounding plasma. We consider the time evolution of an electron distribution function f (v, r, t) and the induced Langmuir wave spectral energy density W (v, r, t) . The energetic electrons travel in a beam-like structure along the magnetic field which radially expands outwards into the corona, allowing a one dimensional treatment of their propagation via
The background plasma is assumed to be a Maxwellian distribution with thermal velocity v T e , density n e (r) and plasma frequency ω pe (r). The background plasma damps through collisions both the electron beam (last term of Equation (7)) and the Langmuir waves (γ c = πn e (r)e 4 ln Λ/(m 2 e v 3 T e )) (e.g. Melrose 1980 ). Coulomb collisions also spontaneously induce Langmuir waves (last term of Equation (8)) (e.g. Hannah et al. 2009 ). The first terms on the right hand side of Equations (7,8) describe the resonant interaction ω pe (r) = kv of electrons and Langmuir waves (Drummond & Pines 1962; Vedenov et al. 1962) . This resonant interaction is also responsible for Landau damping of Langmuir waves with phase velocities near v T e , described through
2 T e ) (Lifshitz & Pitaevskii 1981) .
As the density of the background plasma changes with distance from the Sun, Langmuir waves experience wave refraction. This effect is described through the third term in Equation (8) where the level of background plasma inhomogeneity is characterised through l = ω pe (r) −1 ∂ω pe (r)/∂r (e.g. Ryutov 1969; Kontar 2001) .
The spatial propagation of electron beam and Langmuir waves are described by the second term in Equations (7,8). Electron beam spatial propagation also includes the magnetic field expansion within the corona (Reid & Kontar 2010) . This expansion in the corona is modelled through an expanding cone which has an angle θ and starts at length r 0 from the acceleration region. The coronal expansion conserves the total number of electrons such that for scatter-free propagation, (r + r 0 )
2 n e (r)dr = const along the magnetic field lines.
Initial conditions
The system of equations is solved numerically for an initially localised electron beam
The initial distribution is characterised by d the acceleration region size, v min the minimum electron velocity considered, α the beam spectral index, and n b the density of the electron beam above v min . The background plasma absorbs Langmuir waves with phase velocity close to the thermal velocity via Landau damping therefore we set v min to 8v T e and safely ignore velocities lower than v min . The thermal spectral energy density of Langmuir waves (e.g. Hannah et al. 2009 ) is the initial condition given by
where T e is the background plasma temperature set at 2 MK and k B is Boltzmann constant. This is the expression for the thermal level of a Maxwellian plasma when collisions are weak. The background density n e (r) was defined using the same exponential density model (Paesold et al. 2001 ) that was assumed in the previous section.
Observational constraints
The values derived from the observations in the previous section constrain some of the key input parameters for the simulations. The starting height, h acc = 52 Mm which corresponds to a background density of n e = 3 × 10 9 cm −3 using the exponential density model given in Paesold et al. (2001) . This gives a plasma frequency of 500 MHz relating to second harmonic emission of 1000 MHz. The characteristic beam size d = 10.5 Mm. The HXR spectral index γ is found from the RHESSI observations ( Figure 5 ) which allows us to constrain the electron velocity spectral index as 6 ≤ α ≤ 16.
The NRH images of the type III radio emission allow us to observe how the radio source increases with decreasing frequency. Such an observation can provide information regarding the magnetic field expansion. The size of the radio emission at 237 MHz is approximately twice the size of the radio emission at 432 MHz taken at 30% of emission level. This was measured around the two peak times of emission at 08:51:21 UT and 08:52:42 UT. However, the wavelength λ is approximately twice as large at 237 MHz compared to 432 MHz and so the angular resolution of the NRH is increased by two. Moreover, scattering by density inhomogeneities will increases the apparent size of the coronal radio source more at higher wavelengths (Bastian 1994) . We thus in the present case cannot observationally resolve any significant radial expansion of the magnetic field. Such a scenario is equivalent to type III producing electron beams propagating along thin coronal structures as observed in Trottet et al. (e.g. 1982) ; Pick et al. (e.g. 2009) , or having very small radial expansion of the magnetic field in the low corona. The expansion is much smaller than what would be expected for the inner heliosphere, where the magnetic field expands as a cone with an angle around 40 o (e.g. Steinberg et al. 1985) . The density of electron beams responsible for type III emission is believed to be small with Krucker et al. (2007) finding them 0.2% of the density of the downward propagating electron beams responsible for HXR emission above 50 keV. With an initial background density of 3 × 10 9 cm −3 providing the upper limit to the downward propagating electron beam, the upward propagating electron beam was injected with a density of n b = 10 4 cm −3 above 11 keV. However, observations show time dependent intensities of HXR photons which is related to the density of the inducing beam. Such results could indicate the potential need to consider a changing beam density. We note that Equation (6) is independent of the density of the electron beam. The starting frequencies found from the upwardly propagating electron beam should thus be insensitive to rather large changes in beam density.
Numerical Results
A high level of Langmuir waves is required to induce type III emission. We can estimate the starting height, h typeIII , from the simulations through the ratio of Langmuir wave spectral energy density to its initial thermal level W(v, r, t)/W T h (v, r, t = 0) or W/W T h . The first point in phase space when W/W T h exceeds a certain level can give us insight into how electron beams with different spectral indices become unstable.
The numerical results are presented in Figure 6 for a variety of different W/W T h levels. By assuming Langmuir waves produce radio emission when they reach a certain level of W/W T h , we can treat the curves in Figure 6 in a similar manner to the observational results. By applying a linear fit to each curve, we can obtain an estimate of the initial simulated acceleration region height and size using Equation (6). As we know the actual initial simulated values for h acc and d, these estimates allow us to check how accurate the method is for obtaining good estimates. Such a fit also provides a numerical check for the simplified analytical relation Equation (6) The results in Figure 6 show a small variation between the heights corresponding to 10 3 < W/W T h < 10 6 . Provided there are enough electrons to generate sufficient Langmuir waves for Fig. 6 . Heights corresponding to high levels of Langmuir waves from an unstable beam with density 10 4 cm −3 . Symbols and colours correspond to different levels of Langmuir wave growth. Low levels (10 W/W T h ) correspond to spontaneous emission of waves. High levels correspond to beam-plasma instability.
radio emission, a change in the beam density has minimal effect on the starting height h typeIII . Increasing or decreasing the beam density by one order of magnitude changed the inducing height of W/W T h = 10 5 by at most 14 % when α = 6 with a mean over all spectral indices of 3 %. Changing the beam density will only vary the level of Langmuir waves which are produced upon the electron beam becoming unstable. This result confirms the density independence of Equation (6) where instability of the electron beam is mainly dependent upon the spectral index and size of the electron cloud.
The ratio W(v, r, t)/W T h (v, r, t = 0) also provides information regarding the Langmuir wave phase velocities and onset times when the waves exceeds certain thresholds. As electrons resonantly interact with Langmuir waves, the phase velocity of the Langmuir waves conveys information regarding velocities of the inducing electrons. The phase velocities corresponding to the points in Figure 6 get smaller as the electron spectral index increases (softer spectrum). An example of the velocity variation is presented in Figure 7 for the level W/W T h = 10 5 . Similarly the time required for the beam to induce Langmuir waves at a certain level increases for larger spectral index (Figure 7) . Beams with larger spectral indices (with the same beam density) have less high energy electrons. We thus expect Langmuir wave emission to be induced by lower energy electrons which take longer to become unstable.
We can explore how the inclusion of an expanding magnetic field would change the simulation results. By ignoring the increase in radio source size at lower frequencies from NRH resolution and scattering we can assume the doubling of size between 432 and 237 MHz is because of a radially expanding magnetic field. Using the assumed density model the magnetic field would then expand as a cone with an angle of θ = 6 o . By then assuming an acceleration site size which is as wide as it is long, we can constrain r 0 in Equation 7 to be 30 Mm below the solar surface. Running the simulations and using the same method described above gives estimations of h acc and d which are 12% and 40% of their original values. The expanding magnetic field causes the electron beam to induce a high level of Langmuir waves further away from the acceleration site. The frequencies corresponding to these heights do not agree as well with the observed starting frequencies of the type III bursts. 
Discussion and conclusions
We used simultaneous observations of radio and hard X-ray emission during a solar flare to gain insight about the acceleration region of energetic electrons. With a simple model we have shown through an analytical relation how the starting height of type III emission and the spectral index of the electron beam can be related to the height and vertical extent of an acceleration region. By combining HXR spectral information with the starting frequencies of the type III bursts, we have derived for our event an estimate on the acceleration site height and size of h acc = 52 ± 21 Mm and d = 10.5 ± 1.6 Mm respectively. We have also used self-consistent numerical simulations of an electron beam which can induce Langmuir waves in a background coronal plasma. The simulations checked our predicted acceleration region values and allowed us to explore unknown parameters of the electron beam and Langmuir wave distributions. The value found for h acc agrees with values in the range 20 -50 Mm, deduced from electron time-of-flight analysis for HXR emission (Aschwanden 2002) . This scenario indicates an acceleration region in the corona well above where SXR are imaged. The error on h acc is quite large but within the 95 % range of 2-sigma the acceleration region remains within the corona. The value found for d is roughly an order of magnitude higher than previously found before in Aschwanden et al. (1995a) . Assuming the relation in Equation (6) the acceleration size in Aschwanden et al. (1995a) would not be able to produce significantly varying starting frequency of type III emission given a static acceleration site. Such a small acceleration site predicted by Aschwanden et al. (1995a) may be relevant for type III radio bursts when very little or no evolution of the starting frequency can be observed.
Using the estimates for h acc and d we ran self-consistent numerical simulations of an electron beam able to resonantly induce Langmuir waves in the background coronal plasma. We analysed the distance required for a large magnitude of Langmuir waves to be induced through beam instability for a variety of initial beam spectral indices. A linear fit to the initial beam spectral index and the height associated with strong Langmuir wave production gave a good estimation of the initial acceleration region height (within 20%) and the initial acceleration region size (within 15%) . The result fits with the analytical predictions from Equation (6) and hence the relation is a powerful diagnostic tool for flare acceleration site properties. In line with the analytical equation the electron beam instability criteria was significantly dependent upon α and d and almost independent on the beam density, which was confirmed by numerical simulations. The simulations also gave an estimate of W/W T h ≥ 10 5 as the magnitude of Langmuir waves required to produce coherent radio emission. The discrepancies found in the acceleration region properties are due to additional terms present in the numerical simulations which were not present for the simple analytical expression.
It is also possible to explore how a different assumed initial electron beam distribution in space will affect our results. Initially in Equation 1 we assumed a tent distribution for the electrons in space. We now consider an initial electron beam distribution which is Gaussian distributed in space such that
The instability criteria for this distribution was already discussed in Mel'Nik & Kontar (1999) and, assuming small collisional damping, gives the relation
The dependence of h typeIII on the square root of the spectral index originates from the r 2 in the exponential for the electron distribution function. Unfortunately the observational errors on electron beam spectral index were too large to distinguish between the two models (Eq (1) and Eq (11)). Even without observational error estimates such a fit to the data gives h acc = 33 ± 51 Mm and d = 22 ± 7 Mm which is not defined. More detailed observations are thus needed to differentiate between different initial electron distributions in space.
Another assumption we considered was a static acceleration site during the entire event. Kane & Raoult (1981) considered a moving acceleration site which decreased in altitude to explain why a type III burst's starting frequency increased with time. Assuming the magnetic nature of reconnection, any source movement would typically be at the Alfven velocity. At heights around 100 Mm, this is typically around 1 Mm s −1 (Arregui et al. 2007) . The Alfven velocity is too slow to account for the varying starting frequencies of the type III emission observed in the April 15th flare considered. Moreover, the acceleration region would have to move upwards and downwards to account for the evolution of the starting frequencies. Our results do not rule out the acceleration region moving in altitude but this will probably not be the dominant process for determining dynamic type III starting frequencies on a time scale of seconds.
Flares associated with the same active region responsible for the 08:51 UT flare on the April 15th 2002 have been analysed previously. Sui & Holman (2003) found a coronal HXR source above the loop-top HXR source during another flare around 23:00 UT on the same day. The high coronal HXR source was initially detected at an altitude of 25 Mm and moved with a speed of 0.3 Mm s −1 up to an altitude of 40 Mm as the HXR flux increases. Moreover, the higher energy photons (15-16 keV) are detected at lower altitudes than the low energy photons (10-11 keV). This is indicative of an electron beam streaming down from a high acceleration region with high energy electrons having a larger stopping distance than low energy electrons. Such a scenario fits with the derived high acceleration region h acc ≈ 50 Mm we found in this study. A similar result was found for other high coronal sources (Liu et al. 2008 (Liu et al. , 2009 ) where high energy photons are imaged at lower altitudes than low energy photons.
In conclusion, we stress that simultaneous HXR and radio observations are a tool to estimate the otherwise unmeasurable sizes of the acceleration site. The results from our first trial of the relation given by Equation 6 suggest that this size can be ≈ 10 Mm located at height ≈ 50 Mm, occupying a substantial fraction of the corona. The size is larger than the HXR sources which are typically observed with RHESSI and in the range between a few Mm up to a few tens of Mm (Emslie et al. 2003) . We hope to continue this avenue of research by extending it to more events to build a statistical picture of flare acceleration characteristics. Future studies should also have a higher flux of HXR to better constrain the deduced electron beam spectral index.
